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The present research work was carried out to evaluate the bioactivity of methanol extracts of leaves, roots and stems
of Carissa grandiflora and their fractions in solvents of different polarity (n-hexane, chloroform, ethyl acetate and n-
butanol). The extracts and their fractions contained appreciable levels of total phenolic contents (TPC) ranging from
31.17 to 349.43 Gallic Acid Equivalent (GAE mg/100 g) of dry matter (leaves), 38.85 to 269.81 GAE, mg/100 g of dry
matter (roots) and 40.18 to 241.11 GAE, mg/100 g of dry matter (stems). Total flavonoid contents were found to be
from 59.14 to 284.99, 32.27 to 199.74 and 21.37 to 158.56 Catechin Equivalent (CE mg/100 g) of dry matter for leaves,
roots and stems, respectively. 1Cso values in case of DPPH radical scavenging activity of leaves, roots and stems were
from 20.89 to 578.9, 12.28 to 325.31 and 6.15 to 941.4 pg/mL respectively. The percentage inhibition of peroxidation
in a linoleic acid system was from 11.34 to 46.7, 15.56 to 41.31 and 18.14 to 50.46 for leaves, roots and stems,
respectively. The methanol extracts of all three parts exhibited the maximum reducing activity in comparison to other
fractions. Maximum antibacterial activity was shown by the ethyl acetate fraction of stems against S. aureus, its n-
butanol fraction against E. coli and its methanol extract against S. epidermidis. C. albicans revealed the highest
resistance against the ethyl acetate fraction of roots. GCMS analysis of the n-hexane fraction of roots revealed that this

part of the plant is enriched with the maximum number of bioactive compounds.
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INTRODUCTION

Plants containing a wide variety of ingredients
are being used in traditional medicines. These
medicines are used to treat infectious, as well as
chronic diseases. The medicinal plants contain
some secondary metabolites which produce a
characteristic physiological action on the human
body [1]. The most significant compounds present
in plants are phenolic compounds like tannins,
flavonoids and alkaloids [2].

Carissa grandiflora is a shrub of high
ornamental value. Its large, lush green, thick, shiny
leaves are very showy and attractive and the white
star-shaped flowers are fragrant. It can be grown in
containers and makes an ideal container specimen.
It can also be used as a large dense security hedge
or barrier due to its large thorns which are
practically impenetrable. Its oval to elliptical
shaped radish fruits are edible and are very
delicious in taste. The cranberry-flavoured fruits are
used in sauces, cakes, desserts, jams, jellies, yogurt
and ice cream. The plant is also used to make
graceful and elegant bonsai specimen [3]. Plants
belonging to this family are of immense medicinal
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importance. Several authors have analyzed the
chemical and biological properties of some of these
plants [4-6] and more research work should be
dedicated to the unexplored plants.

In the present research work we have made an
attempt to analyze the biological (antioxidant and
antimicrobial) activity of methanol extracts of
leaves, roots and stems of Carissa grandiflora.

EXPERIMENTAL
Collection of plant

The selected plant Carissa grandiflora was
collected from the Madina Nursery Tehsil Pattoki
District Kasur and was identified by Dr. R.B.
Tareen from the Department of Botany, University
of Balochistan, Quetta, Pakistan. A voucher
specimen (CG-NR-05) was deposited in the
herbarium/collection of the Department of Botany,
University of Balochistan, Quetta, Pakistan.

Preparation of methanol extracts

Plant extracts from leaves, roots and stems were
prepared by the soaking method. According to this
method, portions of finely ground leaves (488 ),
roots (156 g) and stems (466 g) were placed in
separate flasks and measured volumes of methanol
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were added to each flask. Then the flasks were
kept at room temperature for 4 to 5 days and were
shaken at regular intervals. Vacuum rotary
evaporator (Eyela, Tokyo Rikakikai Co., Ltd Japan)
was used to evaporate the solvent under vacuum at
45°C. In this way, viscous extracts were obtained
which were dried and stored at -4°C. Sufficient
amounts of methanol extracts (18.02 g leaves, 8.06
g roots and 16.67 g stems) were obtained by
repeating the extraction process thrice. The
methanol extracts of leaves, roots and stems were
dissolved in distilled water separately and then
fractionation was carried out using solvents of
different polarity. The solvents wused for
fractionation of the methanol extracts were n-
hexane, chloroform, ethyl acetate and n-butanol [7].

Phytochemical analysis

Phytochemical screening of the methanol
extracts of leaves, roots and stems was performed
according to a previously described method [8,9]

Total Phenolic Contents (TPC)

TPC of leaves, roots and stems extracts of the
plant and their fractions were determined using the
Follin-Ciocalteu reagent method [10,11].

Total Flavonoid Contents (TFC)

TFEC of extracts/fractions of leaves, roots and
stems were determined spectrophotometrically
following a previously reported method [12].

DPPH radical scavenging assay

The  2,2-diphenyl-1-picrylhydrazyl  radical
(DPPH) assay was carried out
spectrophotometrically as described in [13]. Stock
solution was prepared by dissolving 100 mg of each
extract or fraction in 100 mL of methanol. From the
stock solution concentrations in the range 0.2-1
mg/mL were made. To each concentration, 5 mL of
freshly prepared DPPH of concentration 0.025 g/L
(0.0050 g DPPH in 200 mL CH3sOH) was added.
After 10 min, the absorbance of the resulting
solution and the blank (5 mL DPPH + 1 mL
methanol) was measured at 515 nm. Three
replicates were recorded for each sample. The
inhibitory effect of DPPH was calculated according
to the following equation:

Inhibition (%) =100 x (Ablank - Asample / Ablank)

where Apiank 1S the absorbance of the control
(containing all reagents except the test samples),
and Asample IS the absorbance of the test samples.
ICso value (mg/mL), defined as the concentration at
which the scavenging activity was 50% and caused
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50% neutralization of DPPH radicals, was
measured from the plot of concentration versus
percentage inhibition.

Determination of reducing power

The reducing power of methanol extracts and
fractions of leaves, roots and stems was evaluated
spectrophotometrically [11,14]. Stock solution was
prepared by dissolving 100 mg of each extract or
fraction in 100 mL of methanol. From the stock
solution different concentrations in the range of
0.2-1 mg/mL were made. To 1 mL of each
concentration, 2 mL phosphate buffer and 2 mL
potassium ferricyanide (1%) were added. The
mixture was incubated at 50°C for 20 min. Then 2
mL of 10% trichloroacetic acid were added and the
mixture was centrifuged at 3000 rpm for 10 min at
5°C. The upper layer of the solution was removed.
Finally, 5 mL deionised water and 1 mL FeCls were
added. The absorbance of the reaction mixture was
measured at 700 nm using a spectrophotometer.
Three replicates were measured for each sample.

Antioxidant activity determination in a linoleic acid
system

The antioxidant potential of the
extracts/fractions of leaves, roots and stems was
estimated following an already reported method
[15,14].

Antimicrobial assay of plant extracts (leaves, roots
and stems) and their fractions

Disc Diffusion Method

Antimicrobial activity of the methanol extracts
and different fractions was examined by the disc
diffusion method [16,17]. The discs (5 mm
diameter) were impregnated with 10 mg/mL
extracts/fractions (50 uL/disc) and were placed on
inoculated agar under aseptic conditions. Discs
injected with 100 pL of the respective solvent
served as negative controls; Amikacin (50 uL/disc)
and Terbinaline (50 pL/disc) were employed as
positive references for bacteria and fungi,
respectively. The petri dishes were incubated at 37
+ 0.1°C for 20-24 hours and at 28+0.3°C for 40-48
hours for bacteria and fungi, respectively. The
inhibition zones formed around each disc were
measured at the end of the specified period with a
zone reader. Zone inhibition diameter (ZID) values
were directly related with the antimicrobial activity
of the extracts/fractions. Determination of the
inhibitory properties was carried out in triplicate.

Resazurin ~ Microtitre-Plate  Assay  of
minimum inhibitory concentration MIC

The minimum inhibitory concentration (MIC) of
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the plant extracts/fractions was determined by the
resazurin microtitre-plate assay reported in [7,18].
Sample Preparation for GC-MS analysis
An amount of 100 g of the dried and ground
plant was extracted with n-hexane in a Soxhlet
apparatus for the GC-MS analysis [1].

Gas Chromatography/Mass Spectrometry
Analysis

The GC-MS analysis of the n-hexane fractions
of leaves, roots and stems were carried out using a
GC 6850 Network gas chromatographic system
equipped with 7683 B series auto injector and 5973
inert mass selective detector (Agilent Technologies
USA). The compounds were separated on an HP-5
MS capillary column using 5% phenyl polysiloxane
as stationary phase, column length 30.0 m, internal
diameter 0.25 mm and film thickness 0.25 pm. The
injector temperature was 300°C. 1.0 uL of the
sample was injected in split mode with a split ratio
of 30:1. Helium with a flow rate of 1.5 mL/min was
used as a carrier gas. The temperature program was:
initial temperature 150°C, hold for 1 min at this
temperature; ramp at a rate of 10°C/min up to
290°C, hold for 5 min at this temperature. The
temperature of the MSD transfer line was 300°C.
Mass spectra were recorded in electron ionization
(El) mode with ionization energy of 70 eV; the
mass range scanned was 3-500 m/z. The
temperature of the ion source was 230°C and that of
the MS quadrupole 150°C. The identification of the
components was based on comparison of their mass
spectra with those of the NIST mass spectral library
with some modification [19,20].

RESULTS AND DISCUSSION

Phytochemical Analysis
The phytochemical constituents of the methanol
extracts were analyzed and the results are given in
Table 1. Alkaloids and terpenoids were found to be
present in all parts of the plant. There were no
flavonoids in the leaves while steroids and tannins
were found in leaves and roots, respectively.

Table 1: Phytochemical analysis of methanol
extracts
Plant Alkaloid Steroid Flavonoid Tannin Terpenoid
part s s s s s
Leave + ) i +

s
Roots + - + + +
Stems + - + - +

Percent yields of methanol extracts and different
fractions of leaves, roots and stems of Carissa
grandiflora

The percent yields of the plant methanol extracts
and organic fractions are shown in Table 2.

Table 2: Percent yield of methanol extracts and various
organic fractions of leaves, roots and stems

Yield (g/100g)

Extracts/Fractions

Leaves Roots Stems

Methanol 13.69 10.06 12.58
n-Butanol 3.87 3.62 4,54
Ethyl acetate 3.54 4.34 247
Chloroform 4.63 2.49 2.36
n-Hexane 1.82 1.2 2.48

The highest amounts were extracted with
methanol from all parts of the plant followed by the
chloroform fraction of the leaves (4.6 g) and n-
butanol fraction of the stems (5.45 g). n-Hexane
was found to be the least effective solvent. The
amount of substances that can be extracted from a
plant depends upon the nature and amount of
solvent and the mixing procedure used. Sample to
sample variation in extracted material is possible
[11].

We determined the total phenolic contents
(TPC) and the total flavonoid contents (TFC) in the
methanol extracts and different fractions of C.
grandiflora roots, leaves and stems. Total phenolic
contents were expressed as gallic acid equivalents
(GAE), mg/100 g of dry matter. The amounts of
TPC extracted from leaves, roots and stems were in
the ranges of 31.17 to 349.4, 38.85 to 269.81 and
40.18 to 241.11 GAE (mg/100 g of dry matter),
respectively (Table 3). Total flavonoid contents
were expressed as mg catechin equivalents (CE) per
100 g of dry matter. The quantities of TFC obtained
from leaves, roots and stems were in the range of
59.14 to 284.99, 32.27 to 199.74 and 21.37 to
158.56 CE (mg/100 g of dry matter), respectively.

Effect of polarity on the extraction of TPC and
TFC has been illustrated in numerous reports. Soil
and growing conditions have drastic effects on the
amount of TPC which can be extracted from the
plant. The capability of a given solvent to dissolve
endogenous substances determines the amounts of
TPC and TFC extracted from the plant. The highest
quantity of phenolic compounds was extracted by
methanol while n-hexane, owing to its non-polar
nature, was found to be the least effective solvent
for extraction of phenolics.

DPPH scavenging assay

We investigated the free radical scavenging
activity of methanol extracts and fractions of
Carissa grandiflora leaves, roots and stems. Free
radical scavenging activities were measured by
DPPH assay. The methanol extracts and various
fractions of the plant showed excellent radical
guenching activities having ICso values of 20.89 to
578.9, 12.28 t0 325.31 and 6.25 to 941.4 mg/mL for
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Table 3: Phytochemical and antioxidant studies of methanol extracts and different fractions of leaves, roots and

stems of Carissa grandiflora

Assay Extract and Part
fractions Stems Roots Leaves
Methanol 241.11 + 1.35°¢ 269.81 + 1.64° 349.43 + 2.23¢%
TPC n-Butanol 163.63 + 1.36 184.24 + 1.18¢ 211.29 + 0.48¢
Ethyl acetate 105.58 + 0.40 135.69 + 0.719 117.23 + 0.58"
(GAE, mg/100g) Chloroform 59.36 + 0.39% 103.05 + 0.53! 69.87 + 0.49
n-Hexane 40.18 + 0.27' 38.85 + 0.39' 31.17 + 0.20™
Methanol 158.56 + 1.14° 199.74 + 1.20° 284.99 + 1.692
TEC n-Butanol 83.43 + 0.68" 132.21 + 0.76¢ 156.9 + 0.87¢
(CE, mg/100g) Ethylacetate 75.78 + 0.29' 91.54 + 0.529 114.44 + 0.76°
: Chloroform 62.27 + 0.29 52 + 0.59k 101.79 + 0.69f
n-Hexane 21.37 + 0.15™ 32.27 + 0.25' 59.14 + 0.33!
Methanol 6.15 + 0.02m 12.28 + 0.35' 20.89 + 0.40'
ICso n-Butanol 18.27 + 0.0U 14.68 + 0.04k 72.94 + 0.16°
Ethyl acetate 26.09 + 0.13" 29.74 + 0.34¢ 76.8 £ 0.11¢
Chloroform 28.49 + 0.259 41.45 + 0.14f 78.43 + 0.32¢
n-Hexane 941.4 + 0.802 325.31 + 0.64¢ 578.9 + 0.90°
Methanol 50.46 + 0.272 41.31 + 0.49¢ 46.47 + 0.27°
% Inhibition of n-Butanol 39.96 £ 0.38° 33.2 + 0.18° 37.89 + 0.33
linoleicacid  Ethyl acetate 33.1 + 0.52¢f 31.34 + 0.68f 31.84 + 0.25¢f
peroxidation ~ Chloroform 28.57 + 0.269 23.82 + 0.12i 26.21 + 0.17"
n-Hexane 18.14 + 0.24i 15.56 + 0.48k 11.34 + 0.09'
The values are the average of triplicate samples (n=3) = S.D., (p <0.05)
The superscript alphabets showed significant differences.
leaves, roots and stems, respectively. Methanol Reducing power
extracts of leaves, roots and stems exhibited the Antioxidant activity can be determined by

lowest 1Cso values (20.89, 12.28 and 6.25 pg/mL)
followed by n-butanol fractions (72.94, 14.68 and
18.27 ng/mL), ethyl acetate (76.8, 29.7 and 20.09
pg/mL), chloroform (78.43, 41.45 and 28.49
pg/mL) and n-hexane (578.9, 325.31 and 941.4
pg/mL), respectively. 1Csp values indicated that the
methanol extracts display the highest free radical
scavenging activity while n-hexane fractions
display the lowest one.

Percent inhibition of linoleic acid peroxidation

The percent inhibition of linoleic acid
peroxidation by crude extracts/fractions of leaves,
roots and stems is shown in Table 3. The values are
in the range of 18.14% to 50.46% for stems,
15.56% to 41.31% for roots and 11.34% to 46.47%
for leaves. The methanol extract and the n-butanol
fraction of leaves exhibited excellent inhibition of
linoleic acid oxidation, i.e. 46.47 and 37.89,
respectively.  Other  fractions also  showed
reasonable inhibition. The methanol extracts of all
three parts exhibited the highest inhibition of
linoleic acid oxidation followed by n-butanol, ethyl
acetate, chloroform and n-hexane fractions. On
comparing the three plant parts, the methanol
extract and fractions obtained from stems showed
better inhibition than those of the other two parts.

evaluating the reducing power of methanol extracts
of leaves, roots and stems of plant and different
fractions. The reducing potential of leaves, roots
and stems was measured at a concentration of 0.2-
1.0 mg/mL. The results showed that the absorbance
increases with concentration. The assay of the
reducing power of all fractions of the three parts
showed a linear increase of absorbance with
concentration. Maximum absorbance values (1.73,
1.82 and 1.82) were shown by the methanol
extracts of leaves, roots and stems compared with
other fractions.

The values for the methanol extracts of leaves,
roots and stems range from 0.83 to 1.73, 0.94 to
1.82 and 0.97 to 1.82, respectively. n-Hexane
fractions of all three parts exhibited the lowest
reducing activity.

Antimicrobial Activity

Antimicrobial activity of methanol extracts and
different fractions of leaves, roots and stems against
a panel of pathogenic microorganisms was assessed
by the disc diffusion method. The results are given
in Table 4. The extracts and fractions of stems,
roots and leaves were tested against three bacterial
and one fungal strain. The different fractions and
methanol extracts of all parts of the plant revealed a
broad spectrum of activities by forming clear zones
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Table 4: Antimicrobial activity of methanol extracts and different fractions of leaves, roots and stems of Carissa

grandiflora
Strain Extract and fractions Plant part
Stems Roots Leaves
Methanol 7.81 + 0.019 7.73 + 0.029" 6.82 + 0.02
n-Butanol 7.52 + 0.021 8.65 + 0.02°¢ 8.27 + 0.01°
S, aureus Ethyl acetate 8.73 + 0.02¢ 7.69 + 0.02" 7.15 + 0.02
' Chloroform 8.53 + 0.01¢ 6.56 + 0.04M 6.23 = 0.01"
n-Hexane 7.17 + 0.02 6.63 + 0.02m 6.95 + 0.02%
Amikacin 13.55 + 0.052 9.41 + 0.01° 8.41+ 0.01f
Methanol 7.49 + 0.04 7.33 £ 0.01¢ 8.42 + 0.02¢
n-Butanol 9.03 + 0.03¢ 7.28 + 0.01 7.65 + 0.011
E. coli Ethyl acetate 7.93 + 0.01" 7.57 +0.011 8.10 =+ 0.04f
' Chloroform 8.41 + 0.01¢ 8.25 + 0.06f 8.05 + 0.03%
n-Hexane 7.45 + 0.04% 7.20 + 0.04' 751 + 0.01f
Amikacin 10.72 + 0.02°¢ 11.03 + 0.04° 12.34 + 0.042
Methanol 10.82 + 0.044 10.27 + 0.01® 9.68 + 0.05"
n-Butanol 9.52 + 0.01 9.93 + 0.03¢ 9.22 + 0.04
. .- Ethyl acetate 9.56 + 0.02" 8.82 + 0.02k 7.64 + 0.02"
S. epidermidis — ~ ior oform 8.65 + 0.02! 10.09 + 0.04f 8.19 + 0.03"
n-Hexane 9.3 0+0.01 9.88 + 0.029 8.53 + 0.02!
Amikacin 11.15 + 0.02¢ 11.69 + 0.01° 12.47 + 0.052
Methanol 10.67 + 0.03' 13.72 + 0.02 ¢ 10.9 + 0.04N
n-Butanol 10.78 + 0.01 N 12.57 + 0.05f 13.2 + 0.12¢
C. albicans Ethyl acetate 15.17 + 0.06 ¢ 8.16 +0.04™ 11.12 + 0.05%"
Chloroform 10.17 + 0.02! 10.12 + 0.02! 9.53 + 0.02%
n-Hexane 8.64 + 0.03! 10.16 + 0.02} 11.53 + 0.239
Terbinaline 15.73 + 0.06°" 14.44 + 0.06 ¢ 14.51 + 0.14°

The values are the average of triplicate samples (n=3) £+ S.D., (p <0.05)

The superscript alphabets showed significant differences.

The methanol extract and fractions were analyzed at 5 mg/ml and Terbinaline at 1 mg/ml

of inhibition against strains. Results indicated that
the n-butanol fraction of roots and the ethyl acetate
fraction of stems showed good activity against S.
aureus with inhibition zones of 8.65 and 8.73 mm,
respectively. Maximum activity against E. coli was
displayed by the methanol extract of leaves and the
n-butanol fraction of stems with inhibition zones of
8.42 and 9.03 mm, respectively. Methanol extracts
of leaves, roots and stems were found to be more
effective against S. epidermidis, as compared to
other fractions with inhibition zones (10.82, 10.27,
9.68 mm, respectively). Highest potential against C.
albicans was shown by the ethyl acetate fraction of
stems with inhibition zone of 15.73 mm. The
antimicrobial activity for stems was found to be in
the range of 7.17 (n-hexane) to 15.73 mm (ethyl
acetate). For roots, the range was from 6.56 (n-
hexane) to 13.72 mm (n-butanol) and for leaves
from 6.23 (chloroform) to 13.2 mm (n-butanol). All
extracts and fractions showed considerable activity
against these strains. Methanol extract of roots and
ethyl acetate fraction of stems showed strong
activity against C. albicans with ZID values of
13.73 and 15.83 mm, respectively. The n-hexane,
chloroform and n-butanol fractions of leaves

exhibited moderate values of ZID with a maximum
value for n-butanol (13.2 mm against C. albicans).
The n-hexane fraction of roots showed poor activity
with a maximum ZID value of 10.16 mm against C.
albicans. Chloroform fraction of leaves showed
minimum activity (6.23 mm) against S. aureus. All
extracts and fractions were found particularly
effective against C. albicans with inhibition zones
ranging from 8.16 to 15.73 mm. The ethyl acetate
fraction of stems exhibited specifically strong
activity against C. albicans with ZID of 15.73 mm.

Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) is the
minimum concentration that could inhibit the
growth of pathogens. The MIC activity of methanol
extracts and different fractions of leaves, roots and
stems of C. grandiflora against one fungal and
three bacterial strains was evaluated using a
modified resazurin microtitre-plate assay. MIC
values were found to be inverse to the antimicrobial
activity values. The MIC values are presented in
mg/mL (Table 5).

Methanol extracts and fractions of stems, roots
and leaves displayed MIC values in the range of
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Table 5: Minimum inhibitory concentration (MIC), mg/ml, of methanol extracts and different fractions of leaves, roots

and stems of Carissa grandiflora

. . Plant part
Strains Extract and fractions Stems ROOS Leaves
Methanol 141 £+ 0.039 089 + 0.01° 135 £+ 0,029
n-Butanol 155 <+ 0.03¢ 082 =+ 0.01¢ 067 <+ 0.02¢%
S. aureus Ethyl acetate 131 =+ 0.03% 123 + 0.01° 088 + 001°
' Chloroform 135 + 0.02¢% 1.7 0+ 0.01°¢ 146 + 0.05¢%
n-Hexane 1.72 + 0.03f 143 + 0.01°¢ 1.24 + 0.02¢%
Amikacin 095 + 0.02hN 051 <+ 0.011 043 + 0.02i
Methanol 183 + 0.02°¢ 074 £ 0.02km 039 <+ 001K
n-Butanol 073 + 0.01f 085 + 0.02¢ 089 <+ 0.01°¢
E coli Ethyl acetate 152 + 0.02"j 063 + 0.01¢ 065 + 001%
' Chloroform 124 + 0.07° 056 + 0.02°¢ 076 + 0.02ik
n-Hexane 552 + 0.07° 091 + 0.01° 093 + 0.0LnN
Amikacin 027 + 001Mm 023 + o001M 031 + 0.01Km
Methanol 188 + 0.06¢ 024 + 0.01} 056 + 0.02°
n-Butanol 241 + 0.01¢% 092 + 0.029 078 + 0.01N"
s. epidermidis Ethyl acetate 219 =+ 0.01° 097 =+ 0.01° 095 =+ 0.02°
Chloroform 269 + 0.01° 090 =+ 0017 087 + 0.02°
n-Hexane 261 + 0.02° 094 + 0.01f 082 + 0.029
Amikacin 1.75 + 0.01°¢ 023 =+ 0.011 0.27 + 0.011
Methanol 084 <+ 0.01°¢ 0.23 = 0.021 1.02 =+ 0.019
n-Butanol 074 + 0.02f 081 + 0.01¢% 076 + 0.01°¢
C. albicans Ethyl acetate 055 + 0.02¢ 097 <+ 0.01¢ 098 <+ 0.01°%
: Chloroform 08 + 0.02¢ 091 <+ 0.01% 124 + 0.01¢
n-Hexane 095 =+ 0.01°f 087 =+ 001 081 <+ 0.01¢%
Terbinaline 039 + 001" 021 + 0.01 025 + 0.01°
The values are the average of triplicate samples (n=3) = S.D., (p <0.05)
The superscript alphabets showed significant differences.
0.52 t0 5.52, 0.23 to 1.83 and 0.39 to 1.46 mg/mL .
respectively. n-Hexane fraction of stems exhibited 181
1.6 A —&— Methanol

the maximum MIC value (5.52 mg/mL). Methanol
extracts of stems, roots and leaves showed
maximum antimicrobial activity and the range of
their MIC values was found to be from 0.23 to
1.88 mg/mL which means that it might show
antimicrobial activity at this low concentration.
MIC ranges of the n-hexane fraction were 0.91—
1.43 mg/mL for roots, 0.53 -1.44 mg/mL for
leaves and 0.75-5.52 mg/mL for stems. The MIC
values revealed that the greater the antimicrobial
activity, the lower would be the MIC value.

The minimum inhibitory concentration of the
methanol extracts of roots showed the lowest
value of MIC against S. epidermidis (0.24
mg/mL) and the highest value against S. aureus
(0.89 mg/mL). The n-butanol fraction of stems
showed the lowest value of MIC against E. coli
(0.73 mg/mL) and the highest value against S.
epidermidis (1.83 mg/mL). The n-hexane fraction
of stems showed the highest value of MIC against
E. coli (5.52 mg /mL) while the chloroform
fraction of leaves showed the lowest value of MIC
against E. coli (0.45 mg/mL). The ethyl acetate
fraction of stems showed the maximum value of
MIC against S. epidermidis (2.19 mg/mL).
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Fig. 1. Comparison of the reducing power activity of
methanol extract and different fractions of leaves
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Fig. 2. Comparison of the reducing power activity of
methanol extract and different fractions of roots
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Fig. 3. Comparison of the reducing power activity of
methanol extract and different fractions of stems

GC-MS Analysis

The GC-MS analysis of the n-hexane fractions
of leaves, stems and roots from methanol extracts
confirmed the presence of chemical components.
The GC-MS chromatograms are shown in Figures
(4-6) and results are presented in Tables (6-8).
The volatile and non volatile fractions consisted
of a mixture of different classes of compounds. In
the n-hexane fraction of leaves 8 components
representing 60.47% of the total fraction content
were identified. The major constituents in the n-
hexane fraction of leaves were found to be urs-12-
en-24-oic acid 3-oxo-methyl ester (21.09%), urs-
12-en-3p-ol-ethanoate, (17.58%), heneicosane
(9.61%). The n-hexane fraction of stems revealed
the presence of urs-12-en-24-oic acid 3-oxo-
methyl ester (22.03%), 12-oleanen-3a-yl (8.74%)
and B-amyrin (1.19%) as significant components.
Hexadecanoic acid (3.02%), zeirone (5.46%), 12-
oleanen-3-yl-ethanoate (15.6%) were found to be
the dominant components in the n-hexane fraction
of roots.
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Fig 4. GC-MS chromatogram of the n-hexane fraction
of plant leaves

Table 6: GC-MS analysis of the n-hexane fraction of

plant leaves

Retention %
Time Name of Compound

. Area

(min.)
13.762  B-Amyrin; Olean-12-en-3 p-ol 1.281
13.938  a-Amyrin; Urs-12-en-33-ol 0.898
15.982  12-Oleanen-3 a-yl-ethanoate 8.772
17.281  Vasicionolone 0.784

17.369  Urs-12-en-24-oic acid, 3-0xo- 21.095
methyl ester (+)

17.497  Urs-12-en-3 p-ol-ethanoate 17.584
20.775  Heneicosane 9.615
24.310  Not identified 6.000
25.448  Stigmasterol 0.446

444444444

2es0r

T

tEear 17352

‘‘‘‘‘‘

xxxxxx

[RTSE)

xxxxx

8000000

2000000 20230

Flg 5 GC-MS chromatogram of the n-hexane fraction
of plant stems

Table 7: GC-MS analysis of the n-hexane fraction of

plant stems
1 0,
T?fﬁ??#}?:_) Name of Compound Ar/ga

13.882 Urs-12-en-3p-ol 0.821

15.95 12-Oleanen-3 o -yl 8.748

16.078 Olean-12-en-3 B-ol- 0.349
ethanoate

17.112 Urs-12-en-3 B-ol- 0.405
ethanoate

17.352 12-Oleanen-3 a-ethanoate  5.24

17.481 Urs-12-en-24-oic acid 3-  22.031
oxo-methyl ester (+)

20.230 B-Amyrin 1.198

Taeen

s000000

uuuuuu

Flg 6. GC-MS chromatogram of the n-hexane fraction
of plant roots
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Table 8. GC-MS analysis of the n-hexane fraction of plant roots

Retention Time (min.) Name of Compound % Area
6.204 Dodecanoic acid 0.589
10.331 Hexadecanoic acid 3.02
10.668 Eicosane 0.501
12.095 9,12-Octadecadienoic acid 0.331
13.61 Viminalol 1.016
13.794 a-Amyrin 0.378
14.547 Pyrrolidin-2-one 5-[2-butyrylethyl] 0.403
15.493 Di-(2-ethylhexyl)phthalate) 0.839
17.06 Urs-12-en-24-oic acid 3-oxo- methyl ester (+) 0.628
17.217 Zierone 5.465
17.305 12-Oleanen-3 o -yl-ethanoate 15.616
18.251 Friedooleanan-3-one 0.552
25.472 2-Amino-4-(3,4-dimethylphenyl) thiophene-3-carboxylic acidpropy 0.165

ester
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GC-MS I[TPOOUIMPAHE, AHTUOKCUJIAHTHO 1 AHTUMHWKPOBHO U3CJIEJIBAHE HA
PA3JIMYHU YACTU HA PACTEHUETO Carissa grandiflora

M. A6ac?, H. Pacyn®”, M. Puas?, M. 3y6aup !, M. A66ac®, Hyp-yn-Xax', H. Xasar!
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IMoctenuna Ha 5 HoemBpH, 2013 T.; KopurupaHa Ha 2 siHyapu, 2014 T.
(Pestome)

B HacTosmata paboTa ce OleHsBa OMOJIOTHYHATA AKTHBHOCT HA METAHOJIOBU EKCTPAKTH OT JIMCTA, KOPSHHU U cTeOIia
Ha pactenuero Carissa grandiflora u Texuu ¢pakunu B pa3TBOPUTENHN C pasiHyHa TOIAPHOCT (N-XEKCaH, XI0pohopm,
eTwiareraT u N-OytaHon). ExcTpaktuTe W TexHHWTE (QPaKUUU ChAbPKAT 3HAYMTCIHM HHBA Ha OOmU (PESHOIHH
npousBoauu (TPC) B unrepBana ot 31.17 mo 349.43 GAE, mg/100 g cyxu BemiectBa (yucta), 38.85 mo 269.81
eKkBUBaJICHT Ha ranoBa kucenunHa (GAE), mg/100 g cyxu BerectBa (kopenn) u 40.18 1o 241.11 GAE, mg/100 g cyxu
BemiecTBa (cTebma). OOmOTO Chabpx)aHUe Ha GuaBoHOUAN € oT 59.14 mo 284.99, 32.27 mo 199.74 u 21.37 no 158.56
CE, mg/100 g cyxu BemiecTBa ChOTBETHO 3a JiucTa, kopeHu u crebna. Croitnoctutre Ha ICsp B ciyuait na DPPH
paauKai-TipeMaxBaiia akKTHBHOCT 3a JIMCTa, KopeHu u ctebma ca ot 20.89 mo 578.9, 12.28 mo 325.31 u 6.15 mo 941.4
mg/mL cpoTtBeTHO. [IpOLIeHTHOTO MHXUOUpPaHEe HA MEPOKCUIALIMS 10 JIMHOJICHOBA KUCEJIHHA € choTBeTHO oT 11.34 no
46.7, 15.56 no 41.31 u 18.14 mo 50.46 3a nucta, KOpeHN U cTeOra. METaHONOBHUTE €KCTPAaKTH OT BCHYKH YacTH Ha
pacTeHHsTa MOKa3BaT Hal-BUCOKAa PEIYKIIMOHHA AKTUBHOCT B CpaBHEHHE C JApyrutre ¢pakiuu. MakcumaaHa
aHTHOAKTepUallHA aKTHBHOCT CIPSAMO S. aUreus moka3BaT EKCTPAKTUTE OT CTeOsia ¢ eTHIAIeTaT;. (pakuusaTa ¢ N-
butanol crpsimo E. coli u meanonosute ekcrpaktu crpsmo S. epidermidis. Illamsr C. albicans mokassa Haii-rossiMa
PE3UCTEHTHOCT CIPSIMO EKCTpakTa B eTHi aneTar oT kopenn. GCMS-aHanu3bsT Ha XekcaHOBaTa ()pakius OT KOPCHU
[OKa3Ba, 4 B Ta3W YaCT HA PACTEHUETO € 000raTeHa ¢ MaKCUMaJleH OpOoil OHOIOIMYHO aKTHUBHU ChEIMHEHHSL.
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